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Draft Genome Sequence of Cupriavidus sp. Strain SK-3, a 
4-Chlorobiphenyl- and 4-Clorobenzoic Acid-Degrading Bacterium 
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We report the draft genome sequence of Cupriavidus sp. strain SK-3, which can use 4-chlorobiphenyl and 4-clorobenzoic acid as 
the sole carbon source for growth. The draft genome sequence allowed the study of the polychlorinated biphenyl degradation 
mechanism and the recharacterization of the strain SK-3 as a Cupriavidus species. 
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Polychlorinated biphenyls (PCB) are pollutants that are diffi- 
cult to remove from contaminated sites due to their low ca- 
pacity for degradation and their bioaccumulation in the environ- 
ment (1, 2). The Cupriavidus sp. strain SK-3, originally isolated 
from PCB-contaminated tertiary lagoon sludge, grows on both 
4-chlorobiphenyl (4-CB) and 4-clorobenzoic acid (4-CBA) as the 
sole carbon source (1,2). However, no specific enzymes have been 
characterized for its metabolic capacity (3). 

The SK-3 genome was sequenced via Eureka Genomics (Her- 
cules, CA) by using the Illumina genome analyzer IIx from paired- 
end libraries with an average insert size of 221 bp and read length 
of 51 bp. The total number of reads was 10,024,280, with a total 
length of 51 1,238,280 bp (about 53-fold coverage of the estimated 
genome size). We followed an improved assembly strategy re- 
cently published by Soueidan et al. (4). Briefly, after adapter 
trimming and quality filtering with the TrimGalore software 
(Barbraham Boinformatics) (http://www.bioinformatics.babr 
aham.ac.uk/projects/trim_galore/), the Mix program (4) was 
applied to combine the assembly results from three different 
genome assemblers, SOAPdenovo2 (5), ABYSS (6), and 
MaSuRCA (7). Mix software removes low-quality and redun- 
dant contigs, identifies overlapping contigs, and merges over- 
lapping contigs into longer ones. In total, this strategy pro- 
duced 299 final scaffolds as our final assembly. The Rapid 
Annotation using Subsystem Technology (RAST) server ver- 
sion 4.0 (8) was used for genome annotation. 

The SK-3 assembled draft genome was 7,429,145 bp long, with 
a GC content of 65%, and had 6,834 protein-coding genes, which 
are similar to those of other sequenced Cupriavidus species (9- 
11). Based on the RAST annotation, the SK-3 genome showed an 
enrichment of genes related to PCB degradation, such as those for 
biphenyl-degrading enzymes and dioxygenases (12). Although a 
previous study classified SK-3 as a Burkholderia sp. based on bio- 
chemical results (1), our analysis based on the 16S rRNA gene 
phylogeny strongly showed that SK-3 belongs to the Cupriavidus 
genus, as SK-3 is tightly clustered with Cupriavidus bacteria and 
clearly separated from Ralstonia and Burkholderia bacteria on the 



phylogenetic tree. Previous studies of several biphenyl-degrading 
bacteria have shown that the bph operon is involved in PCB 
degradation (3, 12). We have identified for the first time the exis- 
tence of the bph operon genes in the SK-3 strain, which are in the 
order of bphI-bphJ-orfxl-orfx2-bphH-orfx3-bphB-bphA2-bphAl- 
bphA3-orfx4-orfx5-bphD. Interestingly, a clear difference in the 
phylogeny of the bph operon genes exists between SK-3 and Cu- 
priavidus sp. strain SK-4, which was isolated together with SK-3 
from the same PCB-contaminated tertiary lagoon sludge (1, 2, 
13). Cupriavidus sp. strain SK-4 can use ortho-substituted CB 
congeners as a sole carbon source (1, 13, 14), and it also grows on 
all monochlorobiphenyls, as well as some dichlorobiphenyls, such 
as 2,2'-dichlorobiphenyl and 2,4'-dichlorobiphenyl (1, 14). The 
SK-3 bph genes are more similar to those in Sphingobium yanoi- 
kuyae Bl, while the SK-4 bph operon genes are almost identical to 
those in Burkholderia xenovorans LB400 (13, 14). In addition, the 
genes in the SK-4 bph operon are in a rearranged order compared 
to those in SK-3 (14). These phylogenetic differences indicate that 
SK-3 and SK-4 acquired their bph operons via independent hori- 
zontal gene transfer events and may also account for their prefer- 
ences on different PCB substrates. 

Nucleotide sequence accession numbers. The draft genome 
sequence of strain SK-3 has been deposited at DDBI/EMBL/Gen- 
Bank under the accession number JFJV00000000. The version de- 
scribed in this paper is the second version, JFJV02000000. 

ACKNOWLEDGMENTS 

C.V. was supported by a Fulbright-Conicyt Scholarship, M.I. was sup- 
ported by a Fulbright African Research Fellowship, MJ.B. gratefully ac- 
knowledges research support through a Texas Hazardous Waste Research 
Center grant, and Q.D. was funded by the Research Opportunity grant 
(GA9364) at the University of North Texas. 

REFERENCES 

1. Kim S, Picardal F. 2001. Microbial growth on dichlorobiphenyls chlori- 
nated on both rings as a sole carbon and energy source. Appl. Environ. 
Microbiol. 67:1953-1955. http://dx.doi.Org/10.1128/AEM.67.4.1953 
-1955.2001. 



July/August 2014 Volume 2 Issue 4 e00664-14 



Genome Announcements 



genomea.asm.org 1 



Vilo et al. 



2. Kim S, Picardal FW. 2000. A novel bacterium that utilizes monochlorobi- 
phenyls and 4-chlorobenzoate as growth substrates. FEMS Microbiol. Lett. 
185:225-229. http://dx.doi.Org/10.llll/j.1574-6968.2000.tb09066.x. 

3. Field JA, Sierra-Alvarez R. 2008. Microbial transformation and degrada- 
tion of polychlorinated biphenyls. Environ. Pollut. 155:1-12. http:// 
dx.doi.org/10.1016/j.envpol.2007.10.016. 

4. Soueidan H, Maurier F, Groppi A, Sirand-Pugnet P, Tardy F, Citti C, 
Dupuy V, Nikolski M. 2013. Finishing bacterial genome assemblies with 
Mix. BMC Bioinformatics 14(Suppl 15):S16. http://dx.doi.org/10.1186/ 
1471-2105-14-S15-S16. 

5. Luo R, Liu B, Xie Y, Li Z, Huang W, Yuan J, He G, Chen Y, Pan Q, Liu 
Y, Tang J, Wu G, Zhang H, Shi Y, Liu Y, Yu C, Wang B, Lu Y, Han C, 
Cheung DW, Yiu SM, Peng S, Xiaoqian Z, Liu G, Liao X, Li Y, Yang H, 
Wang J, Lam TW, Wang J. 2012. SOAPdenovo2: an empirically im- 
proved memory-efficient short-read de novo assembler. GigaScience 1:18. 
http://dx.doi.org/ 10.11 86/2047-2 1 7X- 1 - 1 8. 

6. Simpson JT, Wong K, Jackman SD, Schein JE, Jones SJ, Birol I. 2009. 
ABySS: a parallel assembler for short read sequence data. Genome Res. 
19:1117-1123. http://dx.doi.org/10.1101/gr.089532.108. 

7. Zimin AV, Marcais G, Puiu D, Roberts M, Salzberg SL, Yorke JA. 2013. 
The MaSuRCA genome assembler. Bioinformatics 29:2669-2677. http:// 
dx.doi.org/10.1093/bioinformatics/btt476. 

8. Aziz RK, Bartels D, Best AA, Dejongh M, Disz T, Edwards RA, 
Formsma K, Gerdes S, Glass EM, Kubal M, Meyer F, Olsen GJ, Olson 
R, Osterman AL, Overbeek RA, McNeil LK, Paarmann D, Paczian T, 
Parrello B, Pusch GD, Reich C, Stevens R, Vassieva O, Vonstein V, 
Wilke A, Zagnitko O. 2008. The RAST server: rapid annotations using 
subsystems technology. BMC Genomics 9:75. http://dx.doi.org/10.1186/ 
1471-2164-9-75. 



9. Amadou C, Pascal G, Mangenot S, Glew M, Bontemps C, Capela D, 
Carrere S, Cruveiller S, Dossat C, Lajus A, Marchetti M, Poinsot V, 
Rouy Z, Servin B, Saad M, Schenowitz C, Barbe V, Batut J, Medigue C, 
Masson-Boivin C. 2008. Genome sequence of the beta-rhizobium Cu- 
priavidus taiwanensis and comparative genomics of rhizobia. Genome 
Res. 18:1472-1483. http://dx.doi.org/10.1101/gr.076448.108. 

10. Janssen PJ, Van Houdt R, Moors H, Monsieurs P, Morin N, Michaux 
A, Benotmane MA, Leys N, Vallaeys T, Lapidus A, Monchy S, Medigue 
C, Taghavi S, McCorkle S, Dunn J, van der Lelie D, Mergeay M. 2010. 
The complete genome sequence of Cupriavidus metallidurans strain 
CH34, a master survivalist in harsh and anthropogenic environments. 
PLoS One 5:el0433. http://dx.doi.org/10.1371/journal.pone.0010433. 

1 1 . Poehlein A, Kusian B, Friedrich B, Daniel R, Bowien B. 20 1 1 . Complete 
genome sequence of the type strain Cupriavidus necator N-l. J. Bacteriol. 
1 93:50 1 7. http://dx.doi.org/10. 1 1 28/JB.05660- 1 1 . 

12. Furukawa K, Suenaga H, Goto M. 2004. Biphenyl dioxygenases: func- 
tional versatilities and directed evolution. J. Bacteriol. 186:5189-5196. 
http://dx.doi.org/10.1128/JB.186.16.5189-5196.2004. 

13. Ilori M, Picardal F, Aramayo R, Adebusoye S, Obayori O, Benedik MJ. 
2013. Catabolic plasmid specifying polychlorinated biphenyl degradation 
in Cupriavidus sp. strain SK-4: mobilization and expression in a pseu- 
domonad. J. Basic Microbiol. 53:1-8. http://dx.doi.org/10.1002/ 
jobm.201200807. 

14. Vilo C, Benedik MJ, Ilori M, Dong Q. 2014. Draft genome sequence of 
Cupriavidus sp. strain SK-4, a di-ortho-substituted biphenyl-utilizing 
bacterium isolated from polychlorinated biphenyl-contaminated sludge. 
Genome Announc. 2(3):e00474-14. http://dx.doi.org/10.1128/ 
genomeA.00474-14. 



2 genomea.asm.org 



Genome Announcements 



July/August 2014 Volume 2 Issue 4 e00664-14 



